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(57) Selon ce precede de preparation d'une dispersion 
aqueuse stable ou d'une poudre seche stable dispersible 
dans l'eau de xanthophylles: (a) on prepare une solution 
dispersee moleculaire d'au moins un xanthophylle, le cas 
echeant associe a un emulsifiant et/ou a une huile 
comestible dans un solvant organique miscible avec de 
l'eau ou dans un melange d'eau et d'un solvant 
organique miscible avec de l'eau a des temperatures 
superieures a 30 °C; (b) on melange cette solution avec 
une solution aqueuse d'un melange de colloides 
protecteurs; (bl) le melange contient au moins un 
composant colloidal protecteur a faible poids 
moleculaire et au moins un composant colloidal 
protecteur a fort poids moleculaire dont les poids 
moleculaires different d'au moins 10.000; (b2) on fait 
passer les composants solvants dans la phase aqueuse et 
on produit la phase hydrophobe du xanthophylle sous 
forme d'une phase nanodispersee; (c) le cas echeant, on 
enleve le solvant et l'eau de la dispersion ainsi obtenue 
pour produire une poudre seche dispersible dans l'eau et 
on la seche , le cas echeant en presence_dlune_m atiere. 
d'enduction. 



(57) In a process for producing a stable, aqueous 
dispersion or a stable, water-dispersible dry xanthophyll 
powder: (a) a molecular disperse solution of at least one 
xanthophyll, if required together with an emulsifier 
and/or an edible oil is produced in a water-miscible 
organic solvent or in a mixture of water and a water- 
miscible, organic solvent, at temperatures above 30 °C; 
(b) this solution is mixed with an aqueous solution of a 
mixture of protective colloids; (bl) the mixture 
containing at least one low molecular protective colloid 
component and at least one high molecular protective 
colloid component whose molecular weights differ by at 
least 10,000; (b2) the solvent component being 
converted into the aqueous phase and the hydrophobic 
phase of the xanthophyll being produced as a 
nanodisperse phase; and (c) if required, the thus obtained 
dispersion is freed from solvent and water to produce a 
water-dispersible dry powder and dried, if required in the 
presence of a coating material. 
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Veroflentlicht 

Mit internationalem Recherchenbericht. 

Vor Abiatif der fur Anderungen der Anspriiche zugelassenen 

Frist. Verdffentlichung wird wiederholt falls Anderungen 

eintreffen. 



(54) Title: STABLE, AQUEOUS DISPERSIONS AND STABLE, WATER-DISPERSIBLE DRY XANTHOPHYLL POWDER THEIR 
PRODUCTION AND USE * 

(54) Bezelchnung: STABILE, WASSRIGE DISPERSIONEN UND STABILE, WASSERDISPERGIERBARE TROCKENPULVER VON 
XANTHOPHYLLEN. DEREN HERSTELLUNG UND VERWENDUNG ^ VON 

(57) Abstract 

In a process for producing a stable, aqueous dispersion or a stable, water-dispersible dry xanthophyll powder (a) a molecular disperse 
so ution of at least one xanthophyll, if required together with an emulsifier and/or an edible oil is produced in a water™ iscible drS 
solvent or in a mixture of water and a water-miscible, organic solvent, at temperatures above 30 °C; (b) this solution is mixed with an 
aqueous solution of a mixture of protective colloids; (bl) the mixture containing at least one low molecular protective colloid component 
and at least one high molecular protective colloid component whose molecular weights differ by at least 10,000: (b2) the solvent comoonem 
™,?jnT?,, ,m ^ e ^?° US ? haS ? ?! h y dro P hobic P hasc of xanthophyll being produced as a nanodisperse phal^ndT) if 
required, the thus obtamed dispersion ,s freed from solvent and water to produce a water-dispersible dry powder and dried if required in 
the presence of a coating material. ^ 

(57) Zusammenfassung 

™„ a w^"™f fl^"^. wSBrigen Dispersion Oder eines stabilen wasserdispergierbaren Trockenpulvers von Xanthophyllen. indcm 
man a) eine molekularfjsperse LOsung mmdestcns eines XanthophyUs gegebenenfalls zusammen mit einem Emulgator m Joder einem 
eBbaren Ol m i einem m. Wasser mischbaren. organischen Losungsmittel oder einer Mischung aus Wasser und einem mit Was^rrnisd.S 

Sgm^todgnmii^ bp bei der das Gemisch mmdestens_eiiH;_medennol6lcularc-Schut^ 

hochmolekulare Schutzkolloid-Komponente enthalt. deren mitdere Molekulargewichte sich urn mirKlesteMTo^unSelSen £) 
pk d.e LOsungsmittelkomponente in die waBrige Phase tiberfOhrt wird und die hydrophobe Phase des Xanthophylirah Tr^odi^erse 
Phase entsteht. c) und gegebenenfalls die gebikiete Dispersion fur die Herstellung eines wasserdispergierbaren ^SnpuWeT wn 
LOsungsmmel und dem Wasser befreit und. gegebenenfalls in Gegenwart eines Oberzugsmaterials, trocknet ^ °" dCm 
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We claim: 

1. A process for preparing a stable aqueous dispersion, or a 

5 stable water-dispersible dry powder, of xanthophylls, which 

comprises 

a) preparing a molecularly dispersed solution of at least 
one xanthophyll, with or without an emulsifier and/or an 

10 edible oil, in a water-mi scible organic solvent, or a 

mixture of water and a water-miscible organic solvent, at 
above 30°C, 

b) mixing this solution with an aqueous solution of a 
15 mixture of protective colloids, 

bi) in which the mixture comprises at least one 

low-molecular -weight protective colloid component and 
at least one high-molecular-weight protective colloid 
20 component whose mean molecular weights differ by at 

least 10,000, 

b2) the solvent component being transferred to the 
aqueous phase and the hydrophobic phase of the 
25 xanthophyll being formed as a nanodisperse phase 

c) and if appropriate, to prepare a water-dispersible dry 
powder, freeing the resulting dispersion from the solvent 
and the water and drying it in the presence or absence of 

30 a coating material. 

2. A process as claimed in claim 1, wherein the protective 
colloid used is a mixture of a low-molecular-weight 
non-gelling protein hydrolysate and a higher-molecular-weight 

35 gelling gelatin. 

3. A process as claimed in claims 1 and 2, wherein the 
proportion of the low-molecular-weight protective colloid 
component is from 5 to 95 % by weight of the total amount of 

40 protect iv_e_collo.id.. 



4. A process as claimed in claims 1 to 3, wherein the 

molecularly dispersed solution of the xanthophyll is mixed in 
two steps with the aqueous protective-colloid-containing 
45 phase, the molecularly dispersed solution of the xanthophyll 

being mixed first of all only with the low-molecular-weight 
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protective colloid component and then with the 
high-molecular-weight protective colloid component. 

5. A stable aqueous xanthophyll dispersion obtainable as claimed 
5 in claims 1 to 4 . 



6. A stable aqueous xanthophyll dispersion as claimed in claim 
5/ wherein the active compound present has an amorphous 
content from 70 to 100 %. 

10 

7. A stable aqueous xanthophyll dispersion as claimed in claims 

5 and 6, wherein the active compound present has an all-trans 
isomer content of at least 50 %. 



15 8. A stable water-dispersible xanthophyll dry powder which is 

encased by a protective colloid which comprises at least one 
low-molecular-weight component and at least one 
high-molecular- weight component whose mean molecular weights 
differ by at least 10,000. 



20 



9. The use of the stable aqueous xanthophyll dispersions and/or 
stable water-dispersible xanthophyll dry powders as claimed 
in claims 5 to 8 as an additive to foods, pharmaceuticals 
and/or animal feeds. 



25 



30 



35 



-40. 



45 
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STABLE, AQUEOUS DISPERSIONS AND STABLE. WATER -DISPERSIBLE 
DRY XANTHOPHYLL POWDER, THEIR PRODUCTION AND USE 

The carotenoid class o£ compounds is classified into two main 
groups: carotenes and xanthophylls . In contrast to carotenes, 
which axe pure polyene hydrocarbons, such as B-carotene or 
lycopene, xanthophylls additionally contain oxygen functions such 
as hydroxyls, epoxy and/or oxo groups. Typical representatives of 
this group are, inter alia, astaxanthin, canthaxanthin and 
zeaxanthin. 

10 Xanthophylls are very common in nature and occur, inter alia, in 
corn (zeaxanthin), in green beans (lutein), in paprika 
(capsanthin) , in egg yolk (lutein) and also in crustaceans and 
salmon (astaxanthin), and they give their characteristic color to 
these foods. 

These polyenes, some of which can be synthesized industrially and 
which can be isolated from natural sources, are important 
colorants for the food and feed industries and for the 
pharmaceutical sector as a substitute for synthetic dyes. 

All xanthophylls are insoluble in water, whereas in fats and oils 
a still only low solubility is found. This limited solubility and 
the high sensitivity to oxidation impede direct use of the 
2 0 relatively coarse-grained products obtained from synthesis in 
coloring foods and feeds, since the substances in coarsely 
crystalline form give only poor coloring results. These effects 
which are disadvantageous for the practical use of xanthophylls 
are displayed, in particular, in an aqueous medium, since the 
xanthophylls are completely insoluble therein. 

Improved color yields in the direct coloring of foods can only be 
achieved by specifically prepared formulations in which the 
active compounds are present in finely divided form with or 
without protection from oxidation by protective colloids. In 

add-i-t-ion-,— these-f ormulations_used_„in_f ee ds lead to a hig her 

bioavailability of the xanthophylls and thus indirectly to 
improved coloring effects, eg, in pigmenting egg yolk or fish. 

30 

To improve the color yields and to increase the absorbability or 
bioavailability, various processes have been described, all of 
which have the purpose of decreasing the crystallite size of the 
active compounds and bringing it to a particle size range of less 
than 10 |im. 
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Numerous methods, inter alia described in Chimia 21 (1967) 32 9, 
WO 91/06292 and in WO 94/19411, make use of grinding carotenoids 
using a colloid mill and thereby achieve particle sizes of from 2 
to 10 nm. 

5 

In addition, there are a number of combined emulsif ying/spray- 
drying processes, as described, for example, in DE-A-12 11 911 or 
in EP-A-0 410 236. 

10 According to EP-B-0 065 193, finely divided pulverulent 

B-carotene preparations are prepared by dissolving 6-carotene in 
a volatile water-miscible organic solvent at from 50°C to 200°C, 
if appropriate under elevated pressure, in the course of a period 
of less than 10 seconds. The 6-carotene is precipitated out of 

15 the resulting molecularly dispersed solution at from 0°C to 50°C, 
by immediate rapid mixing with an aqueous solution of a 
protective colloid. In this manner, a colloidally dispersed 
fl-carotene hydrosol of orange-yellow hue is obtained. Subsequent 
spray-drying of the dispersion gives a free-flowing dry powder 

20 which dissolves in water, with formation of a clear yellow-orange 
dispersion. 

However, the following phenomena may be observed with the 
nanoparticular active compound dispersions of xanthophylls 
25 prepared according to EP-B-0 065 193. 

The aqueous xanthophyll-containing active compound dispersions 
are frequently colloidally unstable, in particular when they are 
being concentrated. Owing to flocculation of the active compound 
30 particles, some of which sediment, some of which cream, further 
conversion of the dispersion into a dry powder is no longer 
possible. 

In the case of xanthophylls having carbonyl functions, in 
35 addition, the gelatin used as sole protective colloid can 
crosslink, so that a gel is formed which can no longer be 
redispersed and which likewise can not be further converted into 
a dry powder. 

40_Tihe-high_demands— placed_on_xanthophyll-containing_f Ar^^ 

with respect to coloring action and bioavailability can thus not 
always be complied with because of the problems described with 
the abovementioned process. 

45 it is an object of the present invention to propose a process for 
preparing a stable aqueous dispersion of xanthophylls. In 
addition, stable pulverulent xanthophyll preparations should be 
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provided by which a good coloring action and, in addition, a high 
bioavailability can be achieved. 

We have found that this object is achieved according to the 
5 invention by a process for preparing a stable aqueous dispersion, 
or a stable water-dispersible dry powder, of xanthophylls , which 
comprises 

a) preparing a molecularly dispersed solution of at least one 
10 xanthophyll, with or without an emulsifier and/ or an edible 

oil, in a water-miscible organic solvent, or a mixture of 
water and a water-miscible organic solvent, at above 30°C, 



b) mixing this solution with an aqueous solution of a mixture of 
15 protective colloids, 

bi) in which the mixture comprises at least one 

low-molecular-weight protective colloid component and at 
least one high-molecular-weight protective colloid 
20 component whose mean molecular weights differ by at least 

10,000, 

b 2 ) the solvent component being transferred to the aqueous 

phase and the hydrophobic phase of the xanthophyll being 
25 formed as a nanodisperse phase 

c) and if appropriate, to prepare a water-dispersible dry 

powder, freeing the resulting dispersion from the solvent and 
the water and drying it in the presence or absence of a 
30 coating material. 

The present invention also relates to stable 

xanthophyll-containing cold-water-dispersible dry powders which 
may be used exceptionally well for coloring foods and feeds and 
35 administered forms of pharmaceuticals. 



The preparations according to the invention are generally 
prepared in such a manner that the xanthophy 1 1 ( s ) , with or 
without an emulsifier and/or an edible oil, is/are dissolved in a 

AO_wa-ter^miscible--organic_solvent_at_pref.erably„f rom_5.0_lC_to_2_4_0^C_ / 

in particular from 100°C to 200°C, particularly preferably from 
140°C to 180°C, if appropriate under pressure. 

Since the action of high temperatures can decrease the desired 
45 high all-trans proportion of isomer, the xanthophyll (s) is/are 
dissolved very quickly, for example in a matter of seconds, eg. 
in from 0.1 to 10 seconds, particularly preferably in less than 
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1 second. To prepare the molecularly dispersed solution quickly, 
employing elevated pressure, eg. in the range from 2 0 bar to 
80 bar, preferably from 30 to 60 bar, can be advantageous. 

5 The resulting molecularly dispersed solution is admixed 
immediately afterward with the cooled or uncooled aqueous 
solution of a protective colloid, preferably in such a manner 
that a mixing temperature of from about 35°C to 80°C is 
established, 

10 

In the course of this, the solvent component is transferred to 
the aqueous phase and the hydrophobic phase of the xanthophyll (s) 
is formed as a nanodisperse phase . 

15 As regards a more detailed description of process and apparatus, 
EP-B-0 065 193 is herein expressly incorporated by reference. 

Surprisingly, it has now been found that colloidally stable and 
non-crosslinking nanoparticular active compound dispersions of 

2 0 xanthophylls are obtained if, other than in the formulation 

processes described hitherto, in the abovementioned precipitation 
of one or more molecularly dispersed dissolved xanthophylls first 
of all an aqueous protective colloid dispersion of at least one 
low-molecular-weight component is used and then a further aqueous 

25 protective colloid dispersion of at least one 

high-molecular-weight component is added, the mean molecular 
weights of the low- and high-molecular-weight polymers differing 
by at least 10,000, preferably by at least 30,000. 

30 However, it is also possible to carry out the two-stage 
precipitation in one step in a mixture of at least one 
low-raolecular-weight component and at least one 
high-molecular-weight component, whose mean molecular weights 
differ by at least 10,000, preferably by at least 30,000. 

35 

The protective colloids used are low- and high-molecular-weight 
components of, for example, gelatin, fish gelatin, starch, 
dextrin, plant proteins, pectin, gum arabic, casein, caseinate or 
mixtures of these, the protein-containing protective colloids, in 

4.0_par-ticular— non-gel ling_low-molecular-^weig.ht— protein-hydro lysates— 
and higher-molecular-weight gelling gelatins being preferred. 
However, poly (vinylalcohol) , polyvinylpyrrolidone, methyl 
cellulose, carboxymethyl cellulose, hydroxypropyl cellulose and 
alginates can also be used. The mean molecular weight (Mw) of the 

45 low-molecular-weight protective colloid component is preferably 
from 10,000 to 50,000, in particular from 15,000 to 30,000, 
whereas the high-molecular-weight component has a mean molecular 
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weight of preferably greater than 60,000. The proportion of the 
low-molecular-weight protective colloid component is from 5 to 
95 % by weight, preferably from 20 to 80 % by weight, in 
particular from 30 to 60 % by weight. To increase the mechanical 
5 stability of the end product, it is expedient to admix the 
colloid with a softener, such as sugars or sugar alcohols, eg. 
sucrose, glucose, lactose, invert sugar, sorbitol, mannitol or 
glycerol . 

10 The ratio of protective colloid and softener to xanthophyll 
solution is generally selected in such a manner that the end 
product obtained comprises from 0.5 to 20 % by weight, preferably 
10 % by weight, of xanthophyll, from 10 to 50 % by weight of a 
protective colloid, from 20 to 70 % by weight of a softener, all 

15 percentages being based on the dry mass of the powder, and with 
or without small amounts of a stabilizer. 

The xanthophylls which can be used for carrying out the invention 
are the known obtainable natural or synthetic representatives of 
20 this class of compounds which are usable as coloring means, eg. 
astaxanthin, zeaxanthin, canthaxanthin, capsanthin and lutein. 

To increase the stability of the active compound to oxidative 
decay, it is advantageous to add stabilizers such as 

25 a- tocopherol , t-butylated hydroxy toluene, t-butylated 

hydroxyanisole, ascorbic acid or ethoxyquin. They can be added 
either to the aqueous phase or to the solvent phase, but 
preferably they are dissolved together with the colorants, with 
or without additional emulsifiers, in the solvent phase. 

30 Emulsifiers which can be used are, for example, ascorbyl 

palmitate, polyglycerol fatty acid esters, sorbitan fatty acid 
esters, propylene glycol fatty acid esters or lecithin in a 
concentration of from 0 to 200 % by weight, preferably from 10 to 
150 % by weight, particularly preferably from 20 to 80 % by 

35 weight, based on the xanthophy 1 1 { s ) . 

In some circumstances, it may also be advantageous to dissolve 
additionally in the solvent phase a physiologically approved oil 
such as sesame oil, corn oil, cotton seed oil, soybean oil or 

40 peanut oil and esters of medium-chain vegetable fatty acids in a 
concentration of from 0 to 500 % by weight, preferably from 10 to 
300 % by weight, particularly preferably from 20 to 100 % by 
weight, based on the xanthophyll (s) , which oil is then 
precipitated out in extremely finely divided form, together with 

45 the active compounds and said additives, on mixing with the 
aqueous phase . 
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Depending on the type and amount of the protective colloid used, 
a; deep-colored viscous liquid is obtained. The solvent can be 
removed, for example, by extracting with a water-immiscible 
solvent or, depending on boiling point, in a manner known per se, 
5 eg. by distillation, if appropriate under reduced pressure. In 
this case, it has proved to be expedient and possible for the 
azeotrope which is obtained when isopropanol is employed to be 
used directly as solvent, without removing water. However, 
preferably, the solvent is separated off at the same time as the 
10 water is removed, by spray-drying or spray-granulation. 

A stable dry powder is obtained which is encased by a protective 
colloid which comprises at least one low-molecular-weight 
component and at least one high-molecular-weight component, whose 

15 mean molecular weights differ by at least 10,000. When a 

water-soluble colloid is used, this dry powder can be redissolved 
in water, achieving a uniform fine distribution of the active 
compound in the particle size range of less than 1 jam. In the 
photochemical stability test, the active compound hydrosol thus 

20 obtained, despite the fine distribution, proves to be 
extraordinarily stable. 

Both in the aqueous xanthophyll dispersion and in the dry powder 
prepared therefrom, the active compound present has an amorphous 
25 content from 70 to 100 %, determined from X-ray diffraction 
diagrams. In addition, the all-trans isomer content of the 
xanthophylls is at least 50%. 

The preparations according to the invention are outstandingly 
30 suitable as food and feed colorants. Typical areas of use in the 
feed sector are, for example, pigmenting fish in aquaculture and 
pigmenting egg yolk and broiler skin in poultry rearing. 

The examples illustrate the invention. 

35 

Example 1 

In a heatable receiving flask, 40 g of astaxanthin and 15.4 g of 
peanut oil were suspended in a solution of 12.3 g of ethoxyquin 

4Q — in-2.8.8_g_oJ_i.sopxx3p.anpq/w.atjer_(^Zl2. / _w/w ) at 30°C This 

suspension was mixed in a mixing chamber at a mixing temperature 
of 170°C with 587 g of isopropanol/water (88/12, w/w) with a 
residence time of 0.2 seconds. After said residence time, the 
resulting molecularly dispersed astaxanthin solution immediately 

45 afterward entered a further mixing chamber, in which, at a mixing 
angle of 90°, 11,340 g of an aqueous gelatin solution, adjusted to 
pH 9 which, in addition to 84 g of gelatin A (100 Bloom, 
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M w = 94,000), contained 42 g of Gelita Sol P (Mw = 21,000) and 92 
g of sucrose, were added via a high-pressure pump, the 
astaxanthin precipitating out, at 45°C, in colloidally dispersed 
form having a mean particle size of 166 nm. 

5 

The dispersion was then concentrated and converted, in a manner 
known per se, into a free-flowing dry powder having a mean 
particle size of 237 nm. The dry powder redissolved in water, 
forming a clear red dispersion, the color strength of the 
10 redispersion having decreased only by approximately 10 %, based 
on the original dispersion. 

Comparative Example 

15 In a heatable receiving flask, 40 g of astaxanthin and 15.4 g of 
peanut oil were suspended in a solution of 12.3 g of ethoxyquin 
in 288 g of isopropanol/water (88/12, w/w) at a temperature of 
30°C. This suspension was mixed in a mixing chamber at a mixing 
temperature of 170°C with 548 g of isopropanol/water (88/12, w/w) 

20 with a residence time of 0.2 seconds. After said residence time, 
the resulting molecularly dispersed astaxanthin solution entered 
a further mixing chamber, in which, at a mixing angle of 90°, 
11,280 g of an aqueous gelatin solution, adjusted to pH 9, which, 
in addition to 126 g of gelatin A (100 Bloom, M w = 94,000), 

25 contained 91 g of sucrose, were added via a high-pressure pump, 
the astaxanthin precipitating out, at a temperature of 45 0 C, in 
colloidally dispersed form having a mean particle size of 232 nm, 

30 While the dispersion was being concentrated, active compound 

particles flocculated out, which was accompanied by a decrease in 
color strength to 60 % of the initial value. By means of dynamic 
light scattering, mean particle sizes of 3 70 nm were measured - 
The dry powder prepared by a similar process in accordance with 

35 Example 1 was only partly redispersible. 
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